Urbanization and Its Effect
on the Temperature of the

Streams on Long Island,
New York

By EDWARD J. PLUHOWSKI

HYDROLOGY AND SOME EFFECTS OF URBANIZATION ON
LONG ISLAND, NEW YORK

GEOLOGICAL SURVEY PROFESSIONAL PAPER 627-D

Thermal patterns of five streams on
Long Island, N.Y., are defined and
analyzed

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1970



UNITED STATES DEPARTMENT OF THE INTERIOR
WALTER J. HICKEL, Secretary

GEOLOGICAL SURVEY

William T. Pecora, Director

Library of Congress catalog-card No. 73-607326

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price $1.25 (paper cover)



CONTENTS

Page Page
Symbols. - .. v | Instrumentation__________ . ________________________ D26
Abstract. oo D1 | Analyses of temperature surveys_ ... .._________.____ 28
Introduction. - - ---ooocoooooa e 1 Temperature survey 1, November 15-21, 1966______ 30
Background, purpose, and scope of the water-budget Temperature survey 2, January 25-31, 1967_______ 31
study.__ .- T TTTTToTToommommmeees 1 Temperature survey 3, April 19-25, 1967__________ 34
Purpose and scope of this report_...__..__......_. 2 Temperature survey 4, June 7-13, 1967.___________ 39
Ackflowledgmelixts """""""""""""""" 3 Temperature survey 5, August 24-30, 1967_________ 41
Review of th‘e literature_ ... 3 Some ecological observations________________.____ 46
Res?rvolr EHGCt.S """" ST T T 3 Temperature patterns—some unusual types_..____. 46
Environment—its relation to stream tempera- .
BULC oo 3 Energy-budget studies_ . _______ . ___________________ 48
Temperature predietion______________________ 4 The energy-budget equation ... ______.____ 49
Geography . e 4 Evaluation of energy-budget components__________ 50
Climate_ - - . 4 Solar radiation_ - - ________________.____.____ 50
Meteorologic controls. . _________________________ 4 Atmospheric radiation_____________._________ 51
Urbanization and its effect on elimate_ ____________ 5 Forest radiation - - - - - - e 52
Hydrology. - - 7 Stream back radiation__ . ____.__________.____ 52
Streams and ponds._____________________________ 7 Evaporation_ .. ___ . ___________ 52
Ground-water temperature.________________ I 8 Conveetive heat flux. ___ . ___________ 53
Stream temperatures—their relation to air and Conduction - — - - - - e 53
ground-water temperatures_ . ___________________ 8 Advected heat_ 53
Descriptions of the study streams_____________________ 9 Energy budget applied to Connetquot River_._____ 53
Selection eriteria. ..o 9 | Summary and conclusions_ _ - _________.______________ 57
East Meadow Brook. ___________________________ 10 . 9
Sampawams Creek_____________________________ 13 References eited_ ____________________. . ___- 5
Champlin Creek_ . - oo 17 | Summary of meteorologic data and of hourly stream tem-
Connetquot River.________.____________________ 19 peratures. 61
Swan River__________ . _____ 22 | Index. - e 109
ILLUSTRATIONS
Page
Ficure 1. Map showing location and general geographic features of Long Island, N.Y_______ .. . ___ D2
2. Map showing location of streams studied in this report- - - - oo 5
3. Map showing air temperature during the period 0400-0735 hours, November 22, 1966___________________ 6
4. Photographs showing outlets of West Lake, East Meadow Brook and Swan Lake at Swan River. _______ 7
5. Graphs showing comparison of monthly and daily temperature of Sampawams and Champlin Creeks with
temperature of air and ground water_ _ _ e 9
6. Map showing measurement sites and forested and urbanized areas adjacent to East Meadow Brook________ 11
7. Sketches showing general relationship of forest cover to shade index_ _ . _ .. _______ 14
8. Diagram and map showing shading index and environmental features of East Meadow Brook____________ 15
9. Map showing measurement sites and forested and urbanized areas adjacent to Sampawams Creek.____.__ 16
10. Photographs showing sites of former Hawleys Lake, November 1966, and the gaging station, August 1967_ 17
11. Diagram and map showing shading index and environmental features of Sampawams Creek.____._______. 18
12. Map showing measurement sites and forested and urbanized areas adjacent to Champlin Creek.________. 19
13. Diagram and map showing shading index and environmental features of Champlin Creek___ ... _______ 20
14. Map showing measurement sites and forested areas adjacent to Connetquot River____._____ . .. _____. 21
15. Profiles, mean discharge at selected sites, and average seepage rates (pickup) for Connetquot River and
East Meadow Brook . _ _ __ e 23
16. Diagram and map showing shading index and environmental features of Connetquot River. __________.___ 24
17. Map showing measurement sites and forested and urbanized areas adjacent to Swan River___._________-- 25



v

Ficure

22-31

TaABLE

18.

19.
20.

21.

32.

33.
34.

35.
36.
37-39.

© 0 NS o

CONTENTS

Profiles, mean annual discharge at selected sites, and average seepage rates (pickup) for Swar River and

Sampawams and Champlin Creeks__ - _ .

Diagram and map showing shading index and environmental features of Swan River____________________

Photographs of Swan River below Barton Avenue showing street runoff and stormflow from an off-channel

recharge basin. . e

Photographs showing thermograph pipe-well installations at East Meadow Brook, site 4 and site 5; at

Champlin Creek, site 5. . o . e
Graphs showing:

22. Stream temperatures at selected study sites on Swan River and Connetquot River, January 31, 1967_

23. Stream temperatures at selected study sites on Swan River and Champlin Creek, April 25, 1967__

24. Range of daily temperature at selected sites on Swan River during the period June 7-13, 1967____

25. Variability of daily temperature at selected sites on Champlin Creek and East Meadow Brook.____

26. Relation of diurnal range of temperature to forest cover in the upper reaches of Connetquot River,

August 13-17, 1968 e e

27. Seasonal variation of daily temperature fluctuations at Veterans Highway (site 1), Connetquot

28. Stream temperatures at selected study sites on Connetquot River and Champlin Creek, June 12,

29. Mean temperature for five study streams during the June and January 1967 temperature surveys..

30. Stream temperatures at selected study sites on East Meadow Brook and Connetquot River,

August 25, 1967 e

31. Concurrent stream-temperature differences between site 4 (gaging station) and site 5 (Montauk

Highway) at Sampawams Creek_______ .

Photographs showing aquatic vegetation in the channel at Swan River between sites 3 and 4, and at East

Branch of East Meadow Brook_ . _ . e

Photographs of thermograph traces at Swan River, site 5, for selected periods during June and July 1967____

Photographs of thermograph traces at Sampawams Creek, site 4, for selected periods during Jenuary 1959

and May 1960 . e

Sketch showing principal energy components in the heat balance of Long Island streams.________________

Photographs showing energy-budget instrumentation at Connetquot River-____________________________
Graphs showing:

37. Ground-water temperature gradient beneath Islip Boulevard and Poplar Street at Champlin Creek,

September 1959 . e

38. Predicted and observed temperatures at Connetquot River (site 5), June 7-11, 1967____________

39. Predicted and observed temperatures at Connetquot River (site 5), August 13-17, 1968 __________

TABLES

. Summary of physical and hydrologic data for five study streams._________ . . _____
. Mean temperatures for five study streams, November 15-21, 1966 _ _ _ . _______ __________________.____

Two-way analysis of variance applied to the November 15-21, 1966, water-temperature survey.. .- -.--._-
Mean temperatures for five study streams, January 25-31, 1967_ . _____ ..
Two-way analysis of variance applied to the January 25-31, 1967, water-temperature survey_ ... _.__-_.__
Mean temperature and average daily temperature range for five study streams, April 19-25, 1967________
Two-way analysis of variance applied to the April 19-25, 1967, water-temperature survey______.______._.__-

. Mean temperature and average daily temperature range for five study streams, June 7-13, 1967_________
. Two-way analysis of variance applied to the June 7-13, 1967, water-temperature survey____._____________
10.
. Temperatures at Swan River at East Patchogue, August 26, 1967_________ ____ ...
12.
13.
14.
15.

Mean temperature and average daily temperature range for five study streams, August 24-30. 1967_____

Two-way analysis of variance applied to the August 24-30, 1967, water-temperature survey._.____________
Summary of solar-radiation data for Mineola, Brookhaven, and the Connetquot River study sites_____._.___
Energy-budget computations for Connetquot River near Oakdale, N.Y., for the period June 7-13, 1967__
Energy flux to the reach between temperature sites 3 and 5, Connetquot River, June 7-11, 1967__________

29

33
35

37

38

38

40
42

44

46

47

48

49
50

54
56
56



€,Ca
€y €p

CONTENTS

SYMBOLS
Empirical parameter Qsr
Empirical parameter Qew
Empirical parameter Qs
Evaporation Qus
Forest cover Qin
Vapor pressure of air Qret
Saturation vapor pressure of water-surface temperature Qou:
Vapor pressure of air 8 meters above the surface Q.
Thermal conductivity of the bed material Q.
Empirical parameter AQ
Heat-conversion constant R
Latent heat of vaporization s
Langley, 1 gram calorie cm—2 T
Length of reach T.
Cloud cover Tew
Atmospheric pressure To
Stream discharge t, At
Atmospheric radiation U
Clear-sky atmospheric radiation Us
Reflected atmospheric radiation z
Long-wave radiation emitted from the water surface €
Evaporative heat flux ©
Forest radiation p
Fluid-friction heat a

Reflected forest radiation

Advected heat from ground water

Convective heat loss to or gain from the atmosphere
Energy conducted to or from the streambed
Advected heat conducted into reach by streamflow
Net radiation

Advected heat conveyed out of reach by streamflow
Reflected solar radiation

Solar radiation

Net change in stored energy

Bowen ratio

Water-surface slope

Absolute air temperature

Air temperature

Ground-water temperature

Water temperature

A unit of time

Average wind velocity

Average wind velocity 8 meters above the surface
Depth below stream

Emissivity

Specific weight of water

Density of evaporated water

Stephan-Boltzman constant






HYDROLOGY AND SOME EFFECTS OF URBANIZATION ON LONG ISLAND, NEW YORK

URBANIZATION AND ITS EFFECT ON THE TEMPERATURE
OF STREAMS ON LONG ISLAND, NEW YORK

By Epwarp J. PLUuHOWSKI

ABSTRACT

To isolate and evaluate the effect of man-imposed changes
on stream temperature, the thermal patterns of five streams on
Long Island, N.Y. are defined and analyzed. Included is a con-
trol stream (Connetquot River), the upper part of which is
virtually in its natural state. Urban development on the remain-
ing four drainage basins ranges from slight at Swan River to
nearly complete at East Meadow Brook. All five streams are
similar in most other aspects, owing to fairly uniform geologic
and climatic conditions.

Modifications of the natural environment of streams due to
man’s activities have increased average stream temperatures
in summer by as much as 5°-8°C (Celsius, or centigrade).
Concurrent temperature differences between sites along the
same stream of as much as 8°-10°C have been observed in sum-
mer on days of high solar output. These large temperature dif-
ferences are ascribed to a variety of urban factors, including
the introduction of ponds and lakes, clearcutting of vegetation
from streambanks, increased storm runoff to streams, and a re-
duction in the amount of ground-water inflow. By way of con-
trast, winter stream temperatures in man-affected reaches
average about 1.5°-3°C lower than in unaffected reaches. Dur-
ing the spring and fall, changes in thermal patterns due to
man’s activities are minimal and barely identifiable. Analysis of
variance tests indicate that the observed temperature patterns
among the five study streams are significantly different during
the summer.

The introduction of large quantities of storm water into
watercourses from urbanized areas in Nassau County and south-
western Suffolk County may, under some meteorologic condi-
tions, sharply alter stream-temperature patterns. Mixing of rel-
atively large quantities of storm-water runoff with streamfiow
during August 25 and 26, 1967, raised temperatures 5.5°C at
an upstream site on East Meadow Brook and 8.5°C at Swan
River. The impact of stormfiow on thermal patterns diminishes
downstream as the ratio of direct runoff to total streamflow
decreases.

On-site observations at Connetquot River show that shading
along this stream may reduce incoming solar radiation by as
much as 70 percent. Wide seasonal variations in the ratio of
actual solar energy absorbed to maximum possible were observed
at three sites under varying degrees of forest cover. Energy-
budget analyses on Connetquot River shows that short-wave
(solar) radiation and ground-water seepage are among the most
important heat sources controlling the thermal patterns in Long

Island streams. These particular energy sources are also mos‘
amendable to change due to man’s activities. Modifications in
the natural environments of streams may be assessed by the
energy-budget techniques that were used to predict temperature
changes at Connetquot River.

INTRODUCTION

BACKGROUND, PURPOSE, AND SCOPE OF THE
WATER-BUDGET STUDY

Long Island, which extends from the southeastern
part of the mainland of New York State eastward about
120 miles into the Atlantic Ocean, has a total area of
about 1,200 square miles (fig. 1). Two boroughs of New
York City (Kings and Queens Counties) occupy
slightly less than 200 square miles of the western par*
of the island, and have a combined population of mors
than 4.5 million people. Nassau and Suffolk Counties
have areas of about 290 and 920 square miles, respec-
tively, and had a combined population of about 2.3 mil-
lion people in 1965.

Although the New York City part of Long Island
derives most of its water supply from upstate surface-
water sources, Nassau and Suffolk Counties derive their
entire water supply from wells tapping the underlying
ground-water reservoir. Because of present large de-
mands on the local ground-water system, particularly in
Nassau and Suffolk Counties, and because of the pros-
pect of increased demands as Long Island continues to
rapidly develop, knowledge about the hydrologic
system—with special emphasis on water conservation
and management—is a matter of vital concern to the
present population and to the millions of people who
will depend on the island’s water resources in the
future.

Considerable information is available about the
water resources of Long Island as a result of studies
made during more than 30 years by the U.S. Geological
Survey in cooperation with New York State and county
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F16URE 1.—Location and general

agencies. Although those studies meet many of the
needs for information on specific problems and areas
of Long Island, better quantitative information about
the islandwide hydrologic system, and the relations
between the various components of the system, is needed
for water-management purposes.

The major objectives of the water-budget study are
(1) to summarize and interpret pertinent existing in-
formation about the hydrologic system of Long Island
and (2) to fill several gaps in the knowledge of the
hydrologic system. The results of these studies are being
published in a series of coordinated reports. The pres-
ent report, which was supported entirely with Federal
funds, was not prepared as part of the water-budget
study. However, it is included as a chapter in this
series because the subject matter compliments and ex-
pands on information- presented in the water-budget
study.

PURPOSE AND SCOPE OF THIS REPORT

Man’s tendency to cluster in urban environments,
particularly during the past several decades, is prob-
ably the single most important factor governing the
regimen of streams in recent geologic history. Wide-
spread alterations in the natural environment have
sharply reduced the infiltration capacity of soils, thereby
increasing storm runoff to streams in many urban
areas. Not only has the volume of runoff increased,
but there has been a reduction in the arrival time of
runoff to watercourses. The combination of these fac-
tors has generated sharply higher flood peaks in most
streams that drain urban areas. In addition, man has
greatly increased the sediment load that streams must
carry. Sediment yields of streams in urban environ-
ments have often increased twentyfold above natural

geographic features of Long Island.

conditions shortly after the arrival of bulldozers and
draglines.

The water quality of streams has been altered
further by the discharge of pollutants into water-
courses. In particular, the thermal patterns of many
streams have undergone wide changes with the advent
of powerplants and large dams. Owing to the rather
obvious dangers of heated water to the ecology of
streams, increased attention has been given recently to
the problem of thermal pollution. Fer less obvious,
but nevertheless real, are the effects on stream-tempera-
ture patterns of such factors as storm runoff, clear-
cutting of vegetation adjacent to rivers, relocation of
channels, and the construction of recreation ponds and
lakes.

This report analyzes man’s impact on the tempera-
ture patterns of five streams on Long Island, N.Y. Con-
netquot River near QOakdale was selected as a control
because of its unique unaltered environment. The re-
maining drainage basins have been subjected to vary-
ing degrees of urban development, ranging from slight
(Swan River) to nearly complete (East Meadow
Brook). Statistical comparisons employing analysis
of variance procedures were used to determine the
extent of the man-induced temperaturs changes.

A second objective of the report is to define the
principal energy-budget components controlling stream
temperature. A study of the heat flux to Connetquot
River was prepared along with estimates of the effect
of urbanization on the various energy-budget elements.
The effect of altered natural temperature patterns on
stream ecology was dealt with in general terms—no
attempt was made to relate the consequences of thermal
changes on the development of specific plants or
animals.
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REVIEW OF THE LITERATURE
RESERVOIR EFFECTS

Moore (1967) states that the major factors governing
the effect of reservoirs on downstream water tempera-
tures include the volume and depth of impounded
water, the depth from which water is withdrawn, and
the amount of release as compared to the natural or
unregulated flow. The seasonal effect of impoundments
on downstream temperatures was outlined in general
terms by Sylvester (1963) who related the relative size
of impoundments to downstream effects. He observed
that large and deep impoundments will decrease down-
stream water temperatures in the summer and increase
them in winter, if withdrawals are made below the
thermocline of the impounded upstream waters.
Pluhowski (1961) found exactly the opposite effect in
a stream on Long Island affected by numerous shallow
ponds. July temperatures were about 3°C higher than
those observed in a nearby stream that had far fewer
ponded reaches. January temperatures, on the other
hand, were about 1.5°C lower in the ponded stream.
In a study of stream-temperature patterns in the upper
Delaware River basin of New York, Williams (1968)
found that releases from New York City’s Cannonsville
Reservoir caused a drop in temperature during the
summer of 14.5°C, 8.1 miles downstream, and 4.5°C,
44.3 miles downstream. Releases from Pepacton Reser-
voir have caused a drop of 11°C, 31 miles downstream,
and of 3°C, 59.4 miles downstream. The use of reservoirs
as water management tools to control stream tempera-
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tures was described by Moore (1968) who attributed
higher water temperatures below Bonneville Dam on
the Columbia River to operations of the Hanford
Atomic Energy Plant at Richland, Wash. Owing to a
cooperative intragency arrangement, releases of cooler
water from two large upstream impoundments mate-
rially reduced the thermal pollution originating from
the atomic plant. Jaske and Goebel (1967) state thet
the erection of low-head reservoirs on the main stem
of the Columbia River has not produced significant
change in the average temperature of the river.

ENVIRONMENT—ITS RELATION TO STREAM
TEMPERATURE

The effect of climate on stream temperatures wes
illustrated by Collins (1925) who concluded that th-
mean monthly temperature of a stream at any place is
generally within a few degrees of the mean monthlv
air temperature when the air temperature is above
freezing.

The maximum water temperature in any of the
warmer months is usually from 1° to 3°C higher than
the mean monthly water temperature. During Julv,
Mangan (1946) concluded that both air and wate«
temperatures in Pennsylvania are usually at their maxi-
mum and mean water temperature may exceed the mean
air temperature by as much as 4°C. The maximum dail~
water temperature during July will generally average
3°—1°C above the mean monthly water temperature fcr
that month.

Geiger (1965) quotes the work of Eckel and Reuter
to show the effect of river depth on summer tempers-
ture variations. Predicted temperature changes were
based on the solution of a series of differential equations
for four sets of inflow temperatures and river depths.
At the greatest river depth, 300 cm (centimeters), the
maximum daily temperature fluctuation is only about
2°C, whereas at the shallowest depth, 30 cm, the
corresponding range of daily temperature was com -
puted to be about 10°C. Eckel also found that rivers
of the eastern Alps did not achieve equilibrium terr-
perature even after flowing 100400 km (kilometers)
from their sources. On the other hand, Macan (1958)
found that small streams warm up and reach equi-
librium in very short distances from their sources and
that their average temperature is not greatly different
from that of the air.

Orientation was discovered to have an important
bearing on the temperature of a stream (Moore, 1967).
Temperatures in Oregon streams oriented east-west
were observed to be 2°-4°C warmer during the summer
than in similar streams with north-south orientatior.
Doubtless this discrepancy was associated with differ-
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ences in absorbed solar radiation for, as Geiger (1965)
shows, east-west oriented streams receive from 7 to 19
percent more sunshine than do north-south streams.

The importance of shading on stream-temperature
patterns was illustrated by Macan (1958) who found
that temperatures in a small stream that he studied in
England fell nearly 4° C after the stream passed
through a tunnel slightly longer than 100 meters. He
also found temperatures to be 1.6° C lower at the end of
a heavily wooded reach than at an upstream site in
an open field. A reduction of 5°-6° C in the tempera-
ture of a small spring-fed stream in Wisconsin during
a summer afternoon was effected by shortening the
channel 67 percent and routing the water through a
heavily shaded stand of willow (Stoeckeler and Voskuil,
1959).

TEMPERATURE PREDICTION

Several researchers have attempted to evaluate the
temperature field below sites of heavy thermal pollu-
tion. The bulk of such studies have been concerned with
the dissipation of heat below powerplants. Messenger
(1963) applied the energy-budget concept to the West
Branch Susquehanna River at Showville, Pa. Working
with a 24-hour prediction period in a 5-mile reach, he
found that the predicted temperatures were 2° C above
observed temperatures. Heated discharge into the
Tittabawassee River, at Midland, Mich., was studied by
Velz and Gannon (1960) who computed temperature
profiles for a 23-mile reach of the river. These predic-
tions were then compared with observed temperatures
over the 5-day study period at sites located 4 and 16
miles below the point of entry of the heated discharge.
The predictions were within 2.5° C of mean daily ob-
served temperature for each day of the study period
at the 4-mile site. Seaders and Delay (1966) applied the
energy-budget equation to Umpqua River of Oregon.
They based their predictions on heat changes during
periods of 5- to 7-hours’ duration averaged over 10-day
time spans. The method was tested under field condi-
tions in August 1963 on Coast Fork of the Williamette
River below Dorena Dam. Analysis of the data revealed
poor correlation between predicted and measured
stream temperatures at night (Seaders and Slotta,
1966).

Duttweiler and others (1961) found the equilibrium-
temperature-theory method superior to the energy-
budget analysis for prediction, owing to the simplicity
of the former approach. Duttweiler (1963) developed
a mathematical model to predict temperatures below a
heat source by first estimating equilibrium tempera-
tures, then computing the initial temperature increment
due to thermal loading and reducing the increment
exponentially downstream. A mathematical model em-

HYDROLOGY AND SOME EFFECTS OF URBANIZATION ON LONG ISLAND, NEW YORK

ploying the energy-budget and equilibrivm-temperature
theories was developed by Edinger and Geyer (1965).

Although a number of stream-temp-rature siudies
have been completed and substantial progress made in
the field of temperature prediction, much more needs to
be done, particularly with respect to increasing the ac-
curacy of some of the terms in the energy budget. Very
little has been accomplished to explain some of the effect
of man’s interference with the natural landscape on
stream-temperature regimen.

GEOGRAPHY

All five study streams flow in a general southward
direction draining much of south-central Nassau County
and southwestern Suffolk County, N.Y. (fig. 2). East
Meadow Brook in Nassau County, tl'» westernmost
stream, is only about 7 miles east of the New York City
line and is within 25 miles of Manhattan. This stream
drains part of the town of Hempstead, which had an
estimated population in excess of 825,000 people in Jan-
uary 1967. The basin has undergone a very rapid popu-
lation growth since 1940 when the town’s population
was 406,000.

Swan River at East Patchogue is the easternmost
stream and lies about 33 miles from East Meadow Brook.
Connetquot River near Oakdale, about 25 miles east of
East Meadow Brook, was selected as a control because
it flows through natural environment within a sports-
man’s club for practically its entire length. Champlin
Creek at Islip and Sampawams Creek at, Babylon drain
areas undergoing rapid urbanization ; these streams are,
respectively, 19 and 14 miles east of East Meadow
Brook. All streams, except for East Mec.dow Brook, are
in Suffolk County.

CLIMATE

METEOROLOGIC CONTRO™.S

The climate of the study area may b~st be described
as a modified continental type. Despite its close proxim-
ity to the ocean, Long Island’s climate is controlled by
continental air masses, owing to the pravailing west to
east circulation in the upper atmosphere. The ocean’s
effect on weather systems over the island is, nevertheless,
of considerable importance. Moisture laden storms
spawned in the Gulf of Mexico or off the southeastern
coast of the United States occasionally yield copious
quantities of precipitation. Average annual precipita-
tion is fairly uniform over the area. ranging from
slightly less than 42 inches over north-central Nassau
County to 48-50 inches near Liake Ronkonkoma. The
heaviest precipitation falls along the low-lying hills
formed by the Ronkonkoma terminal moraine. Precipi-
tation is well-distributed throughout tlo year with the
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F1euRe 2.—Location of streams studied in this report.

heaviest generally falling in August (4-5 in.), and the
least amount, in November (2-3 in.).

Mean annual temperatures on Long Island range from
from 54° F in New York City to 50° F or slightly less
in the cooler areas away from the coasts. The coldest
month is February (28°-32° F) and the warmest, July
(70°-75° F). Maritime influences on the air-temperature
patterns of Long Island may be very pronounced under
favorable meteorologic conditions. For example, maxi-
mum daily readings as high as 106° F have been re-
corded in New York City; however, temperatures very
rarely reach 90° F along the barrier beaches or on the
eastern end of Long Island. The moderating influ-
ence of the ocean is also exhibited in the early morn-
ing hours, when, under clear skies, temperature contrasts
of as much as 15°-20° F are not uncommon between
coastal and the colder interior part of the island. The
large early morning thermal contrasts commonly ob-
served under clear sky conditions are virtually elimi-
nated under cloudy skies. Heavy continuous cloud layers
effectively reduce net radiational losses from the ground
by sharply limiting the outflow of terrestrial radiation.

Evaporation is a cooling process which, under favor-
able meteorologic conditions, may be a significant factor
in reducing water-surface temperatures. As might be
anticipated, evaporation losses are greatest on Long
Island in summer and least in winter. Total annual
evaporation from the land-pan at Mineola averages
about 48 inches. Evaporation during the summer (June-
August) averages about 21 inches, whereas only about 3
inches is evaporated during the winter (December—
February). The amount of water one might expect to
lose in a lake is estimated to be about 84 inches, obtained
by applying the standard coefficient of 0.7 to the ob-

served evaporation from the land-pan. The actusl
amount lost by streams is less than 34 inches, owing to
the shelter from the sun’s rays provided by trees, re-
duced wind velocities near streams, and the generally
lower temperatures in streams during periods of high
evaporation.

URBANIZATION AND ITS EFFECT ON CLIMATE

Superimposed on changes in the climate of Long
Island induced by physical proximity to the ocean is
the “city effect™ created by New York City and its out-
lying metropolitan areas. By producing and disposing
of enormous quantities of heat energy to the atmosphere,
urban “heat-islands” are created around the industri-
alized cores of cities. Chandler (1965), by making
numerous temperature traverses through London, Eng-
land, illustrated a very well defined heat island at the
core of that city.

To help define the combined effect of urban and physi-
cal environments on the temperature patterns of Long
Island, the author made a temperature traverse on
November 22, 1966, beginning at 0400 hours in New
York City and ending at 0730 hours at the Sampawam=«
Creek gaging station (fig. 3). With the exception of
four observations, all readings were obtained manually
by attaching a thermistor probe outside the rear windov
of an automobile. All windows of the vehicle were sealed
with heavy tape to insure that little or no heat escaped
from the interior of the automobile past the sensing
element. Continuous air-temperature records were avail-
able at the four sites not visited by the author. The
continuous records indicate that temperatures shown
in figure 8 were within 2°F of the minimum for the da;
in the western part of the traverse area and just about



D6

74°00' 45’ 30’

HYDROLOGY AND SOME EFFECTS OF URBANIZATION ON LONG ISLAND, NEW YOFK

15’ 73°00"

41°00'

MANHATTAN
COUNTY _
(NEW YORK
CITY )

NASSAU COUNTY 590

\ a0 0535

) os00  26°  +

3707 QUEENS
0400 COUNTY
350

40°45'—

0430 \
390 34°" HEMPSTEAD\:
®
KINGS N\ 0425 0440 359
COUNTY 38° 0455
[BROOKLYN) 37°( 320 0450 29°
0515
FREEPORT
Nall

0420 L~ 0400
38°
36° 0400

0415

0505 yeviTrown
., @

“ T

D2 e

BROOKHAVEN
NATIONAL
LABORATORY

SUFFOLK COUNTY
Ronkonkoma
O Loke Ronkonkoma
29° 192

\HGNT!NGTON
\ 2g°
0545

3

0735 Chomplin
Creek

Sompowams
Creek

EXPLANATION

31° Temperature, Fahrenheit

os—" " S
0600,Time, in hours
ATLANTIC OCEAN
1 1 1 1 \
5 o] 5 10 15 MILES
[T | | 1 ]

F16URE 3.—Air temperature during the period 0400-0735 hours, November 22, 1966.

at the minimum in eastern sections. Thus, figure 3, in
effect depicts a synoptic thermal field for the region
surveyed.

Temperatures in Brooklyn and Queens are 3°-11°F
higher than in neighboring Nassau County and as much
as 20°F higher than in the colder parts of Suffolk
County. Adjusting for time differences, it seems that
temperatures in the urban heat island were about 3°-
7°F higher than in suburban areas on the morning of
the survey. Of perhaps greater importance is the very
sharp thermal gradient between coastal areas of Suf-
folk County and some of the interior observation sites.
For example, at 0630 hours at the Swan River gaging
station the observed temperature was 32°F, but just a
few miles inland, air temperatures as low as 19°F were
observed, producing a 13°F differential. At Connetquot
River the difference between temperatures at the mouth
and source was 9°F. Such large air-temperature dif-
ferences due to natural environmental controls could
conceivably have a significant effect on the water-
temperature patterns of both streams. It does not seem
that the urbanized areas of Nassau County or Suffolk
County have much effect on air temperatures. In gen-
eral, temperature patterns appear very similar in both
counties, so that there is little evidence of artificial
heating.

In addition to affecting air temperature, cities tend to
have increased cloudiness, fog, and precipitation, owing
to the availability of condensation nuclei in the atmos-
phere. Landsberg (1958) reports both lower wind speed

and solar radiation in cities. Chandler (1967) states that
relative humidities in towns are nearly always less than
in nearby rural areas. Variations in relative humidity
are, of course, a function of temperature as well as the
vapor content of the air. In general, the thermal control
is strongest, and patterns of relative humidity usually
show a close inverse relationship with temperature,

The influence of urban areas on evaporation is difficult
to assess because evaporation is a function of many
meteorologic parameters. Reduced wind speeds and
solar radiation in cities tend to lower evaporation. On
the other hand, lower relative humidities and higher
nighttime air temperatures will tend to increase evap-
oration. Overall, evaporation in cities probably is some-
what less than that in the outlying rural areas.

Relative to the study area, it is doubtful that urban
influence on climate is a significant fector in the heat
budget of the streams. The climatic regimen of the East
Meadow Brook basin in suburban Nassau County is
little different from the four study basins in neighboring
Suffolk County. Of greater significance is the micro-
climatic influence of the ocean, which seems to be of
particular importance in the Connetquot River and
Swan River basins. As previously noted, under cer-
tain early morning meteorologic situstions, large air-
temperature gradients are established between the near-
shore and inland parts of both basins (fig. 3). However,
averaged over a period of 1 week or o, it is doubtful
that the local climatic vagaries introduced by location
with respect to the coast could have more than a minor
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influence on the stream-temperature patterns of the five
study streams. Thus, significant differences found
among temperature patterns of the study streams cannot
be ascribed to climatic variations.

HYDROLOGY
STREAMS AND PONDS

Surface-water resources have played a significant role
in the growth of Long Island since it was first settled.
In the 19th century many gristmills and sawmills were
constructed using low head dams to develop power. A
gristmill, built near the mouth of Connetquot River in
1860, still stands today at its original site. When steam
and electric power came into use, gristmills and sawmills
were abandoned, and now the principal use of streams
and ponds is for recreation.

In the early 1900’s, New York City constructed a
complex water-gathering system which involved every
major stream in southern Nassau County. Water-supply
reservoirs were constructed, and a large conveyance
tunnel was built to connect all reservoirs with the city’s
distribution system. A similar proposal to tap the waters
of Suffolk County was defeated by foresighted local
planners who envisioned the day when this invaluable
Tesource might be required for local use. The East
Meadow Ponds situated on East Meadow Brook are
part of the New York water-supply system. Use of the
Long TIsland system has largely been curtailed in recent

rears, although the watershed was pressed into service
during the 1949-50 and 1962-66 drought periods.

In addition to the reservoirs created by New York
City, recreation ponds were built along the lower reaches
of practically every sizable stream on the island. The
method of construction involves building a stoplog dam
which may be used to raise or lower pond levels. Low
earthfill dams are constructed on the flanks of the stop-
log dam to complete the structure. Examples illustrating
these construction features are shown in figure 4. The
mean depths of most ponds is generally less than 5 feet.
Several natural lakes are found in the central and north-
ern parts of Long Island.

Throughout most of their lengths, streams on Long
Island are ground-water drains which, under natural
conditions, receive less than 5 percent of their flow from
surface runoff. Losing watercourses are confined to
streams which have impoundments large enough to re-
verse local ground-water gradients. Such conditions are
;most prevalent along the upper reaches of streams, par-
ticularly during periods of drought when the regional
water table is low. At such times it is very likely that
lake levels may rise above the height of the local ground-
water table, thereby causing surface water to return to
the ground-water reservoir.

NEW YORK D7

FIcUre 4—Outlets of West Lake, East Meadow Brook (upper)
and Swan Lake at Swan River (lower).

The importance of ground water to the regimen of
streams on the island is shown by flow-duration curves.
These curves inevitably “flatten” at low discharges, in-
dicating substantial accretions of ground water to the
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stream. With the advent of rapid urbanization, large
quantities of storm water have been discharged into
some streams. Sharply higher flood peaks are being re-
ported from three of the five study streams. The total
volume of direct runoff contributed to streams has risen
sharply—in some cases as much as fivefold.

Under natural conditions, highly permeable surficial
deposits and generally low relief on Long Island com-
bine to maintain the percentage contribution of storm
runoff to total streamflow at very low levels (about 3
percent). A raindrop that falls a few feet from a stream
channel would most likely percolate directly into the
ground (if not first evaporated), eventually reaching
the stream as ground-water inflow. Accordingly, there is
usually only a casual relation at best between basin size
and the magnitude of runoff in streams draining the
basin. A more meaningful index of stream discharge
on Long Island may be obtained by considering ground-
water contributing areas. In this report the magnitude
of ground-water inflow was obtained by making dis-
charge measurements of streamflow at five sites on each
of the study streams. These measurements were obtained
during dry-weather periods, so that each reflects base
flow conditions. Accordingly, no storm runoff is in-
cluded, and the amount of ground-water inflow
(pickup) between sites is obtained by subtracting meas-
ured discharge at the upstream site from that obtained
at the downstream site.

Aside from the construction of ponds and storm-sewer
outfalls, man has further altered the environment of
streams by clearcutting trees and shrubs fijom stream-
banks. Much of this work is done in connection with
home and road construction. Occasionally, the long-
term effects of such changes on a stream’s environment
are modified by replanting of trees for beautification or
shade. Parts of several streams in Nassau County have
been placed underground in man-made tunnels. Several
streams have been relocated in places and made to flow
through concrete lined channels because of local drain-
age problems. A declining water table has completely
dried up several streams in southwestern Nassau County.
Moreover, dwindling outflow from the ground-water
reservoir has markedly reduced the total volume of run-
off in several streams in the more highly urbanized
parts of Long Island. Last, but by no means least, the
esthetic value of practically all watercourses has been
reduced by debris and litter cast into streams by care-
less individuals.

GROUND-WATER TEMPERATURE

Collins (1925, p. 98) states that for practical pur-
poses ground water obtained at any depth from 20 to
200 feet will have a uniform temperature ranging from
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about 1.5° to 83° C above the mean annual temperature.
This statement is not corroborated by data obtained
from several shallow wells adjacent to Sampawams
Creek and Champlin Creek. Temperature data from
wells indicate that under forest cover mean annual tem-
peratures ranged from 0° to 1.5° C below the mean an-
nual air temperature at nearby Babylon, N.Y. All wells
are screened in the upper glacial aquifer at depths rang-
ing from 3 to 60 feet below land surface. Only under
residential environments did the average annual ground-
water temperature exceed that of the air, and then only
by a maximum of 1.1° C in one well screened 16 feet
below land surface. Greater shading of the ground and
therefore less absorbed solar radiation results in lower
ground-water temperatures in the forested environment
(Pluhowski and Kantrowitz, 1963).

Both the maximum and mean annual ground-water
temperatures decrease with depth to a level of at least
60 feet below land surface. At some depth between 60-
200 feet a reversal of this trend occurs, for De Luca and
others (1965) have indicated that ground-water tem-
peratures increase about 0.6° C for each 60-100 feet of
depth below about 200 feet. Minimum temperatures
are lowest at the water table, but they rise rapidly with
depth. The range of yearly temperatures at. the 60-foot
depth is only about 1.5° C; however, this increases to
nearly 11° C when the depth to water is 10 feet or less.
The time of occurrence of high and low temperature of
ground water lags behind that of the air by 1-2 months
at shallow depths and 34 months at the 60-foot level.
Daily temperature fluctuations rarely occur within the
ground-water reservoir. Such changes are usually lim-
ited to shallow aquifers where the depth to water is 10
feet or less.

STREAM TEMPERATURES—THEIR RELATION TO AIR
AND GROUND-WATER TEMPERATURES

As might be anticipated, stream-temperature fluctua-
tions are greater than those in nearby ground-water
bodies, but they normally exhibit less variability than
concurrent air-temperature observations. This is partic-
ularly true of Long Island streams that normally re-
cetved large accretions of ground water—a factor tend-
ing to stabilize daily and seasonal stream-temperature
changes. The relationships among air, stream, and
ground-water temperatures are illustrated in figure 5.
Highest and lowest stream temperatures at both
Sampawams and Champlin Creeks occur in the same
months as the highest and lowest air temperatures,
whereas the insulating effect of soil cover causes ex-
tremes of ground-water temperature to lag by about 2
months.
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Daily air temperatures at Babylon varied from 8° to
11°C on the average throughout the year; tem-
I eratures in both streams fluctuated 1°-2°C diurnally
curing the winter, but in May this increased to 3°C
et Sampawams Creek and to +.5°C at Champlin Creek.
1To daily change in temperature was detected in the
ground-water data.

Seasonal temperature fluctuations follow a similar
Iattern—air temperatures exhibit the largest variation,
and ground-water temperature, the least. Although win-
ter air temperatures averaged near freezing, stream
temperatures remained above 4°C, reflecting warmth
¢dded to the stream by ground-water inflow which, in
inter, normally ranges from 7° to 10°C. In summer, air
temperatures were generally between 20°-26°C; how-
ever, stream temperatures were about 6°C cooler. Lower
smmmertime stream temperatures are due primarily to
s~epage from the ground-water reservoir that entered
the streams at temperatures near 15°C. Obviously,
ground-water inflow must be considered in any evalua-
tion of stream-temperature patterns on Long Island.

The mean annual stream temperature of Champlin
(Creek is 12.2°C'; Sampawams Creek is slightly warmer,
averaging 12.8°C over a 2-year period (1959-60). The
temperature in both streams averaged above the mean

daily air temperature of 11.6°C for the period recorc'ed
at Babylon.

DESCRIPTIONS OF THE STUDY STREAMS
SELECTION CRITERIA

The need for a basis of comparison or a “control” is,
without doubt, the most important criterion of sny
study concerned with man-induced modifications of the
hydrologic cycle. Accordingly, one of the first objec-
tives of this study was to find a stream that was
relatively unaffected by man, but, which also was ccm-
parable in size and in other characteristics to the
remaining selected for analysis. The author was indeed
fortunate to find such a stream, Connetquot River, which
almost ideally fits the requirements of a control needed
for this study. Although affected by artificial ponds in
its lower reaches, Connetquot River is almost entir-ly
free of man-made detention ponds in its upper and
middle reaches. Moreover, the river is one of the largest
streams on Long Island, so that the size criterion could
be met only by selecting a segment of the stream rather
than the entire river. For virtually its entire length, the
Connetquot River flows through natural cover that ex-
tends at least 1,000 feet on either side of the stresm.
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This heavily forested land has been a natural preserve
since the turn of the century.

After choosing a control stream, the next step was to
select for intensive study, four additional streams under
varying degrees of urbanization. For the purposes of
this report, urbanization is defined as any man-made
change either in the drainage area of a stream or along
the stream itself. Thus, activities such as the building
of dams, channel relocation, and stripping of vegetation
along stream channels are considered to be urban activ-
ities as well as home construction, sewering operations,
and street paving. The streams had to be reasonably
close together so that a man could visit each one at least
once daily. Three streams west of Connetquot River—
namely, East Meadow Brook, Sampawams Creek, and
Champlin Creek, and one to the east, Swan River, were
selected for analysis. Although no two of the streams
are exactly alike, owing principally to varying intensity
of development, they are sufficiently similar so that
meaningful comparisons of their hydrologic character-
istics could be made. By way of illustration, all have ap-
proximately similar geologic, climatic, and topographic
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characteristics, thereby reducing the effects of these im-
portant factors on temperature regimen.

To obtain sufficient definition of the thermal patterns.
five sites were chosen for detailed study along each
stream. Thus, a total of 25 sites (five streams with five
study sites on each) were analyzed under a wide variety
of man-made changes in the natural environment. A
compilation of pertinent physical deta relating to the
study streams is presented in table 1.

EAST MEADOW BROOK

The perennial part of this stream begins at the foot
of a diversion dam about 1,000 feet above Jerusalem
Avenue (fig. 6). East Meadow Brook drains a large
part of central Nassau County which is heavily resi-
dential but which has some light industry, particu-
larly in the area north of Hempstead Turnpike. The
combined population of the six villages flanking the
stream south of Hempstead Turnpike was 145,000 in
1960. This basin is, by far, the mos* urbanized of all
study streams.

TaABLE 1.—Summary of physical and hydrologic data for five study streams
[The mean discharge at the downstream end of each reach is the average of 5 measurements made during the period November 1966-August 1967]

Channel .
Location River Ponded Mean dis- Average
Reach- mile (above Mean Area are charge at  shading
From: To: tidewater)  width (sq it} (acres) downstream index
(ft) end (cfs)
Champlin Creek at Islip
1 Source... . ... Spur Drive N. (site 1) ... .oooe oo 2.82-2.33 4 10, 000 0.9 0.3 4.¢
2 Spur Drive N. (site 1) Beech St. (site 2)_._. 2.33-1.82 6 16,000 ... ___ 0.7 4.t
3 Beech St. (site 2).... Islip Blvd. (site 3) 1.82-1.31 9 22,000 1.6 2.8 4
4 Islip Blvd. (site 3) Gaging Sta. (site 4). 1.31- .85 13 26,000 6.7 4.7 2.¢
¢ Gaging Sta. (site 4 Montauk Hwy. (site .85~ .40 w o 282 5.0 1!
Connetquot River near Oakdale
1 Source...._......_ e ae _.. Veterans Hwy. (site 1) ... ... .__._._.__ 4.34-3.79 10 1.4 4.¢
2 Veterans Hwy. (site 1) ite 2. . 3.79-3.36 40 3.4 4.
3 }te 2 3.36-2.86 30 7.1 3.’
4 S}te 3 2.86~2. 37 40 12.2 4.(
5 Site4.._ 2,37-1.92 65 16.8 2.5
East Meadow Brook at Freeport
1 Source........... o Jerusalem Ave. (site 1)_._____.__ ... .___...._ 3.12-2.94 5 5,000 3.2 0.63 3.1
2 Jerusalem Ave. (site 1) _______.______.________. Site 2. . 2,94-2, 22 15 35,000 ] 1.79 L.
3 !te ......................... Site3d ... ... 2.22-1. 51 12 27,000 €7 2.92 3
4 Sites .. ... ... Gaging Sta. (site 4)_____ .- L51-.85 15 , 000 2.2 3.95 4
S5W Gaging Sta. (sited).______._________.__._______ Sunrise Hwy. (site 5W).. 85~ .19 13 , 000 6 2.6 L.
S5E Gaging Sta. (site4).. ... .. _.......____. Sunrise Hwy. (site 5E). ... ... ______ 85- .19 15 17,000 134 3.9 L.
Sampawams Creek at Babylon
1 Source.......... ............................... Hunter Ave. (site 1) . _ ____________ .. _____... 2.64-2. 23 13 16, 000 13 1.8 4
2 Hunt.er Ave. (site 1)__ __. Sunrise Hwy. (site 2)____. 2,23-1. 56 1 25, 000 a5 2.7 3.
3 Sunrise Hwy. (site 2) ___ _.. Wyandanch Ave. (site 3)_ 1. 56-1. 09 16 27,000 2 5.2 3.
4 Wyandanch Ave. (site 3). __. Gaging Sta. (site4).._____ 1.09- .62 19 37, 000 7.7 6.3 3.
5 QGaging Sta. (site4)..___._____._____..____.____ Montauk Hwy. (site 5) .- ... . __..__..__. .62- .00 25 78, 000 6.9 8.3 2.
Swan River at East Patchogue
1 Source..._.._______ . Circle Drive N, (site 1) 2.01-1.82 3 01 4.
2 Circle Drive N. (sit . Barton Ave. (site 2) 1.82-1.53 7 .6 4
3 Barton Ave. (site 2).. Sunrise Hwy. (site 1.53-1.02 9 4.7 4
4 Sunrise Hwy. (site 3). - Rose St. (site 4)____ 1.02- .55 12 8.6 3.
5 RoseSt.(sited)_ ... .. .. _____._.._________ Gaging Sta. (site 5)_._ . 55- .10 [©) 10.0 1

t Completely ponded.
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STREAMFLOW CHARACTERISTICS

The surface drainage area is about 81 square miles
measured at the gaging station (temperature site 4);
mean annual discharge at the gaging station is 16.6
cfs (cubic feet per second) (1937-66). The channel
is straight and there are only a few short tributaries.
The stream enters West Lake a short distance below
the gaging station. West Lake and East Lake are the
principal units of the group of ponds known as the
East Meadow Ponds (fig. 6). Both lakes have separate
outlets dividing the stream into two branches below
the Long Island Railroad. The average gradient of the
stream is 2 feet per 1,000 feet (fig. 15).

As might be expected, covering the basin with build-
ings and paved areas has produced some large changes
in the volume of direct runoff to the stream. Seaburn
(1969) computed the increase in direct runoff to the
stream as follows:

Average annual
direct runoff

Period (acre-feet)
193743 920
194451 e 1,170
1952-59_ 2, 200
1960-62__ 3, 400

The overall increase in the volume of direct runoff
from the initial (1937—43) to the final period is 270
percent.

Five discharge measurements were made at each
temperature site to evaluate ground-water inflow to
the stream. These measurements were obtained during
base flow conditions—that is, during dry weather peri-
ods to minimize the effect of direct runoff. The average
flow was then computed and plotted as shown in figure
15. Ground-water seepage is less than 0.5 cfs per 1,000
feet of channel above the gaging station and about 0.8
cfs per 1,000 feet below the station.

MODIFICATIONS PRODUCED BY MAN

With a few exceptions, almost every reach of this
stream has been, at some time or other, altered to some
degree by man. The first major change occurred at the
turn of the century with the construction of the East
Meadow Ponds by New York City as part of its effort
to obtain new supplies of water. The principal units
in this system of ponds are East Lake (surface area,
134 acres) and West Lake (76 acres). Along with the
construction of the lakes (fig. 4), the channels down-
stream were straightened to increase the conveyance
capacity of the stream. Two other large ponds were
built sometime later, namely, Mullener Pond (56 acres)
and Smith Pond (67 acres), providing a total ponded-
water surface area of 333 acres exposed to the sun’s
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rays compared to the natural stream surface area of
only 9 acres.

Construction and the recent widening of Meadow-
brook State Parkway has led to channel realinement
and clearcutting of trees along several reaches. In addi-
tion to the removal of trees and shrub- along the banks,
most realined channels have been widened beyond
their original widths so that the proportion of surface
area to volume of water in the reach may be increased
sharply locally. The reaches most affected by high-
way construction include virtually the entire stream
above Smith Pond and a short reach just above the
gaging station. About the only reach that appears to
have been untouched by highway construction or the
creation of ponds is that below Smith Pond to a point
about 1,000 feet above the gaging station.

Numerous storm drains ranging in size from 12 to 36
inches in diameter are utilized to convey storm drain-
age to East Meadow Brook from the urbanized areas
shown in figure 6. The sharply higher volume of storm
runoff entering the stream has affected not only peak
discharges but stream-temperature regimen as well.
Additionally, a 54-inch culvert (fig. 8) just below East
Lake is situated somewhat below the regional water
table. As a result, a small, but steady f ow of cool ground
water issues from the culvert at all times. This flow, as
will be shown below, has altered temperature patterns
in the East Branch of the stream. There is no indica-
tion of any thermal pollution entering the stream
from industries or homes.

Aside from these direct effects on the stream’s en-
vironment, a general lowering of the water table has
occurred in the basin owing to excessive pumping and
the loss of recharge. Sawyer (1963) estimated the loss
of recharge at 63,000 gallons per day during the period
1952-60. Franke (1968) estimates that ground-water
levels in the interstream areas of southwestern Nassau
County have declined an average of 10 feet relative to
similar areas in Suffolk County. He attributes about
7 feet of this decline to sewering. Although East Mea-
dow Brook flows somewhat to the east of the sewered
area, substantial declines in ground-water levels must
have occurred near the stream, owing to the widespread
regional lowering of water levels along the western
periphery of the basin.

SHADING

One of the principal factors affecting the energy
balance of any stream is the amount of shade provided
by its banks or by trees, shrubs, or man-made structures.
To delineate the relative amounts of shading along such
streams, the author subjectively classified reaches ac-
cording to five possible degrees of shade. A solid forest
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crnopy (in summer) over any particular reach was
ranked as “heavy” shade; or, quantitatively, one might
estimate that less than 20 percent of the total incoming
¢olar radiation penetrates to such a reach. On the other
end of the scale, reaches estimated to receive 80-100
parcent of possible incoming solar radiation were said
to have little or no shade effect. To compute an overall
¢verage stream shade index, open reaches were classi-
fed by the number 1, whereas heavily forested reaches
were ranked 5 ; other shade gradations were subjectively
ranked accordingly (fig. 7). On this basis the overall
ghade index for East Meadow Brook is 2.9 as computed
irom figure 8, lowest of any of the study streams. It
should be stressed that shading was estimated during the
summer when all deciduous trees were at full leaf.
Shading indices in winter would be at least one unit
Jower than that shown for all shade classifications given,
cxcept for ponded reaches where no greater penetration
cf solar energy could occur.

Asillustrated in figure 8, the only reaches with greater
than 60 percent shade is that in the vicinity of tempera-
ture site 3 and in the East and West Branches of the
rtream. Shading of the West Branch below Sunrise
Tighway was 100 percent because the stream was re-
~ently placed in a cement box culvert in that particular
~each. This stream presently receives far more radiation
‘rom the sun than it would have under natural condi-
*ions which are closely simulated in the reach below
Smith Pond.

SAMPAWAMS CREEK

The source of this stream was just below Southern
Dtate Parkway (fig. 9) throughout the 12-month study
eriod which began November 1966. During the early
1960’s, the source of the stream was about 1 mile above
“he Guggenheim Lakes at a point nearly 6,000 feet above
‘he present (1968) source. The unprecedented drought
‘hat began in 1962 dropped ground-water levels to such
an extent that the lakes become nearly dry and have not
yet recovered to their normal levels.

Sampawams Creek drains about 23 square miles in
southwestern Suffolk County. Much of the basin is resi-
dential—particularly areas flanking the perennial part
of the stream. The creek flows nearly due south and has
10 tributaries of any consequence. Mean annual dis-
harge at the gaging station (temperature site 4) is 9.6
~fs (1944-66). The mean gradient of the stream is 2.2
feet per 1,000 feet.

STREAMFLOW CHARACTERISTICS

Sampawams Creek has shown sharply increasing
rates of storm runoff in recent years much the same as
East Meadow Brook. The bulk of this direct runoff
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originates from a large area north of Hunter Avel'lu‘e
(fig. 9). Further increases in storm runoff are antici-
pated as areas north of Southern State Parkway con-
tinue to come under development.

Ground-water pickup below Southern State Parkway
ranges from about 0.6 cfs per 1,000 feet of channel
length in the reach between the gaging station end
Wyandanch Avenue to 1.3 cfs per 1,000 feet between
Sunrise Highway and Wyandanch Avenue (fig. 18).
These rates of inflow are somewhat lower than those
observed in stream draining less urbanized environ-
ments. Although no tangible evidence is available, the
lower rates of ground-water seepage to Sampawams
Creek suggests a general lowering of the water table
due, in part, to urbanization. The low ground-water
inflow in the reach between the gaging station end
Wyandanch Avenue may be the direct result of pump-
ing near the right bank of the stream. Although the bilk
of the pumped water is derived from the Magothy
aquifer, some direct loss of water from the stream may
result during periods of heavy withdrawal.

MODIFICATIONS PRODUCED BY MAN

Throughout the study period, extensive modificatinns
were being made to parts of the middle and lower
reaches of Sampawams Creek, owing to a road constrme-
tion project. The roadbed of the new highway has sliced
through the basin, radically changing the stream en-
vironment locally. By way of illustration, Hawleys
Lake, just above temperature-site 5, was completely de-
stroyed (fig. 10) ; the channel in the immediate vicinity
of the gaging station has been diverted (fig. 10) ; part
of a small pond between sites 2 and 3 was filled in, and
much of the channel near site 2 was completely rebuilt
and stripped of vegetation. In addition to these changes,
the new road went through the center of a small pond
above Sunrise Highway. Despite the active road con-
struction, parts of the stream below Sunrise Highway
escaped with little or no change.

Numerous culverts discharge storm water direstly
into the stream. An additional source of direct runoff
will shortly be provided by the new road which will
dump storm water into the stream. Moreover, the possi-
bility exists that Hawleys Lake will be rebuilt as part
of a park site for the village of Babylon.

SHADING

Based on a field survey made in August 1967, the over-
all shade index of the stream was 3.2 at that time. Most
upper reaches are in fairly heavy shade (fig. 11), but
ponding and clearcutting of trees has reduced natural
vegetative cover rather sharply elsewhere along the
stream. Fairly good cover remains in the vicinity of site
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SHADE INDEX: 1 to 2
0-25 PERCENT FOREST COVER
Shading generally restricted

to early morning and
late afternoon

SHADE INDEX: 3 to 4
50-75PERCENT FOREST COVER
Very little sunshine penetration

in morning or late afternoon.
Some sunshine between 1000
and 1400 hours

SHADE INDEX: 2 to 3
25-50 PERCENT FOREST COVER

Some sunshine penetration
in morning and evening.
Considerable sunshine
between 1000 and

SHADE INDEX: 4 to 5

GREATER THAN 75 PERCEMT @
FOREST COVER \

Very little sun pene-

tration even at

noon

FI6URE 7.—General relationship of forest cover to shade index.
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EXPLANATION

v
Stream-temperoiure site
ond number

SHADE INDEX
(percenioge shaded)

80-100

i

MODERATE TO HEAVY
60-80

i

MODERATE
40-60

B

LIGHT
20-40

i

LITTLE OR NO SHADE
0-20

—_— 2

P—

— (— Source (beginning of perennial stream, October 1967)

[—Mullener Pond

Surface area, 56 acres. A very shallow
pond probably created by construction of
Southern State Parkway

\\
Channel relocated during parkway construction.

Vegetation stripped along right bank; stream-
banks stabilized by riprap

Smith Pond
Surface areq, 67 acres. Shallow
pond used for recreation

Considerable natural cover consisting of
deciduous trees and shrubs. Trees are
principally sugar maple, red maple, gum,
and pin oak. Predominant shrubs are
pokeweed, clethra, and beggars lice

Reach above site 4 relocated and stripped of
vegetation for a distance of about 1,000 feet

East Meadow Ponds (East and West Lakes)
Surface area, 212 acres. Part of New York
City's Long Island aqueduct system. Built
in early 1900’s

Eost Lake

54-inch-diameter storm drain contributes
. % steady discharge of ground water to stream
West Lake

NOTE.—Numerous culverts having 14- to 48-inch
diameters discharge storm water to the
stream during periods of high flow. The
bulk of this flow enters from the east; however,
several large culverts discharge stormflows

1503

/ 5 from the west directly into the stream above
~—— Stream flowing in the outlet to Smith Pond
! an underground
)& conduit

<
2

\

Ficure 8.—Shading index and environmental features of East Meadow Brook.
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EXPLANATION

w4
Water-temperature site

and number
Continuous records the

\vd
Water-temperature site

and number
Manual observations only

A
Stream-gaging station
@ 51807

of

Ground-water observation well
and number

\

Area contributing direct
runoff to stream

TR
2

Wooded area

N

Perennial stream

—_— —

S~ ~

40°42'30" |—
Ephemeral stream

Approximate position

Guggenheim Lakes
(never filled during study period)

State Pkwy
2T 7777

A A
e e e

a new road Sc_\\)“‘er
Source Oct. 1967

constructed durmg ,/”"‘-—_

‘r % C’eeé

Hunter Ave

&R

@51807

& D Samﬁ,qwqmS
S,

NORTH
BABYLON \\‘

N\

gunris® k.

<
-
)
>
o
[}
9{‘
=
1A
®
LR

WEST ISLIP

BABYLON

38

o)
. St
4

1 MILE 95

FI6URE 9.—Measurement sites and forested and urbanized areas adjacent to Sampawams Creck
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Ficure 10.—Sites of former Hawleys Lake, November 1966
(upper) and the gaging station, August 1967 (lower).

3, which, so far, has escaped the effects of the bulldozer.
Shading, under natural conditions, is provided by 80- to
40-foot-high sugar maple, sweet gum, and pin oak trees,
which are the dominant tree species adjacent to the
creek.

CHAMPLIN CREEK

This stream rises about half a mile above Spur Drive
North (temperature-site 1), as indicated in figure 12.
Much of the flow in the reach above Spur Drive North
is effluent. discharge from the Central Islip State Hos-
pital. The outfall for the hospital is located just a short
distance below the source as shown in figure 13. The
stream meanders through much of its upper part ; how-
over, below Beech Street the channel is nearly straight.
Established residential areas flank the lower parts of
Champlin Creek, but parts of the basin above Islip
Boulevard are, as yet, undeveloped. The Champlin
Creek basin ranks as the third most urbanized basin of
the five study streams.

D17

STREAMFLOW CHARACTERISTICS

Mean annual discharge of the gaging station (site 4)
is 7.3 cfs (1948-66). Mean annual discharge at the
mouth of Champlin Creek is about 10 cfs, lowest of
any of the five study streams. The impact of urbaniza-
tion on peak discharges has not been as great at Champ-
lin Creek as it has been on streams nearer to New York
City. Some increase in flood volume has occurred since
the gaging station was first established, but effect of
the increased storm runoff has, to date, been minor.

The pattern of ground-water inflow is rather strik-
ing as shown in figure 18. Pickup rates increase rapidly
from the source to the middle reaches of the stream;
thereafter, they fall to about 0.7 cfs per 1,000 feet of
channel and stabilize at that level. The increased pickup
is probably related to steep water-table gradients found
near Islip Boulevard. Thus, the bulk of the increased
ground-water outflow is due to a greater lateral inflow
of water from the shallow aquifer flanking the stream.
This particular pickup regime—that is, maximum
seepage rates midway between mouth and source—is
found in other streams on Long Island where man’s
activities have not yet significantly modified streamflow
patterns.

MODIFICATIONS PRODUCED BY MAN

Much of the storm runoff entering Champlin Creek
does so at Islip Boulevard where a 36-inch culvert dis-
charges runoff from a large section of Islip Terrace.
The extension of Southern State Parkway which crosses
the stream just below site 1 has increased storm run-
off. However, the effect of this project on the stream’s
immediate environment has not been nearly so great
as at Sampawams Creek where the centerline of a newly
built road nearly parallels the thread of the stream.

Effluent from the sedimentation tanks of Central
Islip State Hospital is channeled into a series of infiltra-
tion beds located about 3,000 feet northeast of site 1.
Owing to the lack of observational data, the effect of
this sewage on regional ground-water levels is difficult
to assess. The flow-through volume of the plant is about
1.3 million gallons per day. However, the water level
in an observation well midway between temperature
site 1 and the sewage lagoons appears to be at a normal
altitude for the general area.

Only two small ponds are above the stream-gaging
station. Knapps Lake, 282 acres just below the gage, is
a large man-made lake used for recreation. Two smaller
lakes are situated between Montauk Highway and the
head of tidewater.
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EXPLANATION
3

v

Stream-temperature site
and number

SHADE INDEX
(percentage shaded)

HEAVY
80-100

MODERATE TO HEAVY
60-80

MODERATE
40-60

LITTLE OR NO SHADE
0-20

Two shallow recreation ponds.Combined surface
area, 13.3 acres

>Two 42- by 30-inch culverts discharging
storm runoff

%SO- by 30-inch
storm-water culvert

Natural vegetation, consisting of sugar maple, willow,
and sweet gum trees, is largely unaoffected by
development along this reach

Sunrise Ponds
Surface area:
Upper pond, 18.8 acres
Lower pond, prior to road construction,
40 acres; lower pond, during study
period, 15 acres

Entire réoch stripped of vegetation owing

2 to road construction

\

Wyandanch Pond
Surface area: Prior to road construction,
21.5 acres; during study period, 17.5 acres

a commercial laundry enters the streom
from the west

Approximate location of o recently constructed
roadbed

Surface area: Prior to road construction,
57 acres; during study period, 7 acres

Ficure 11.—Shading index and environmental features of Sampawams Creek.
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EXPLANATION

v

Water-temperature site
cnd number
Cantinvous records

2
A v d
Water-temperature site

and number
Manual observatians only

A
Stream-gaging statian
@84

Ground-water observation well
and number

40°45' |—

\

Areas contributing direct
runaff to stream

B
Woaded area

N
Perennial stream

)

1 MILE

I

F1aURE 12.—Measurement sites and forested and urbanized areas adjacent to Champlin Creek.

SHADING

The overall shade index for Champlin Creek is 3.6.
Deciduous trees are the predominant source of shade.
JTowever, some pine trees as much as 40 feet in height
¢re found along the upper reaches of the stream.
Despite the residential nature of much of the reach be-
tween Islip Boulevard and the gaging station, a fair
smount of shade is apparent (fig. 18). The homes in
this area are at least 20 years old, and many of the
cwners have planted fast-growing willow trees adjacent
to the stream. These trees are now full grown, so that
they yield considerable shade.

CONNETQUOT RIVER

Throughout the study period (November 1936-
October 1967) the source of Connetquot River was just
south of the Long Island Railroad (fig. 14). The river
flows southwest initially, it then makes a large bend to
the southeast near its midpoint emptying into tide-
water at the main stem gaging station on Sunrise High-
way. To avoid distortion of natural water-temperature
patterns caused by ponding along the lower reaches of
the river and to meet the size criterion referred to on
page D9, studies were limited to only the upper half

of this relatively large stream. Throughout its entire
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v’
Stream-temperature site

and number

SHADE INDEX
(percentage shaded)

HEAVY
80-100

MODERATE TO HEAVY
60-80

]

MODERATE
40-60

LIGHT
20-40

]

LITTLE OR NO SHADE
0-20
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30-inch-diameter culvert which discharges
slightly heated waste water from Central

Source Islip Hospital powerplant as well as storm
/ water

Very shallow pond, formerly used as a duck pond.
Surface area, 0.9 acre

Some development, particularly along right bank;
slight effect on natural cover which consists
of pitch pine, white oak, sugar maple,
and birch trees

6:\24-inch-dit:|mefer

:/ storm drains

__36-inch-diameter storm drcin which
< continuously discharges o small

amount of ground water (Islip Bivd.)

3
=
24-inch-diameter
storm drains

Natural caver thinned by homeowners whose
property extends to the stream

~——— ¢/ Small private recreation pond
Surface area, 6.8 acres

9= 24-inch-diameter storm drains

Knapps Lake
Surface area, 165 acres. Recreation use
only, largely private

=== 42.inch-diameter storm drain

1 MILE Lakes

T’dewafer

Fraure 13.—Shading index and environmental features of Champlin Creek.
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TEMPERATURE
73°10

40°47'30"

40°45'

EXPLANATION

!
Water-temperature site

and number
Cantinuous records

V2
Water-temperature site
and number
Manual observations anly
a
Stream-gaging statian
’ 1

Solar radiation site

and number
Intermittent recards

Woaded area
\\_//‘\/
Perennial stream

~ L
Ephemeral siream

3
s Soathside
e »
4 & Sportsmen e
53 Club wui e
e 2, . 3
N P L7

G

E) 1 MILE /
' N e
/ 3 OAKDALE

W
~

’._

F16cURE 14.—Measurement sites and forested areas adjacent to Connetquot River.
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length, the river flows through heavy stands of natural
vegetation in a private hunting and fishing preserve.
Some representative views along the stream may be seen
in figure 36.

STREAMFLOW CHARACTERISTICS

Discharge at the head of tidewater is 88.8 cfs (1943
66) or over twice the flow of the second largest study
stream (Swan River). Mean discharge at temperature
site 5 was just over 16 cfs during the study period, a
figure more in line with discharge at the other four
study streams. The surface drainage area above the head
of tidewater is about 24 square miles.

Owing to the natural environment of this basin, very
little water reaches the stream as direct runoff. For
example, the ratio of storm-water discharge to total
discharge was computed to be 2.9 percent at the gaging
station. This figure compares with nearly twice that
amount (5.7 percent) at Sampawams Creek. Overbank
flooding is very rare anywhere along the stream be-
cause of the attenuated flood hydrographs. It is likely
that much of the direct runoff represents rain falling
directly on the water surface and on the streambanks.

Ground-water seepage into the stream is heavy along
the middle reaches of the river (fig. 15). Rates of inflow
as much as 2 cfs per 1,000 feet of channel length are
common between sites 3 and 5. The pickup (seepage)
pattern is similar to that of Champlin Creek, Swan
River, and, to a lesser extent, Sampawams Creek.

MODIFICATIONS PRODUCED BY MAN

Aside from Veterans Highway, there have been no
significant environmental changes anywhere along the
stream above site 5. Stormflow of relatively small vol-
ume enters the stream at the Veterans Highway over-
pass. Some stormflow may enter ephemeral reaches
of the river above the Long Island Railroad; such
accretions are small, however.

Many years ago, the left bank of the stream above
site 5 was stripped of some of its vegetation for a dis-
tance of about 1,000 feet. No other significant modifica-
tions to the stream’s environmental are known to the
author.

SHADING

The overall shade index for the stream above site 5
is 3.8, highest of any of the study streams. Much of the
upper part of the stream is about 80 percent shaded
(fig. 16). Shading gradually decreases in the down-
stream direction, principally because the river becomes
wider and thereby allows more sunlight to penetrate
to the stream.

HYDROLOGY AND SOME EFFECTS OF URBANIZATION ON LONG ISLAND, NEW YORK

SWAN RIVER

Swan River has the shortest overall length of any of
the five study streams. Perennial flow begins just up-
stream of Circle Drive North (fig. 17) about 1,000 feet
below Woodside Avenue. The lengtl of the perennial
reach is just over 2 miles. Despite its short length, the
stream ranks second in quantity of flow discharged tc
tidewater. The basin currently (19€8) represents the
eastern boundary of urban development which began in
western Nassau County in the 1920’s. The perennial flow
channel has a mean gradient of about 2.3 feet per 1,000
feet. There are no tributaries of any consequence. The
river has a surface drainage area of about 8.8 square

miles.
STREAMFLOW CHARACTEPISTICS

Flow patterns of this stream are characterized by
heavy ground-water inflow in its middle reaches (fig.
18). Swan River flows through a well-developed valley
so that the elevation of its channel is probably well
below that of the water table flanking the stream. As a
result, steep water-table gradients exist, generating
greater-than-normal lateral ground-water discharge.
Artificially high water-surface levels created by Swan
Lake, on the other hand, are doubtless responsible for
the sharp drop in ground-water pickup in the reach
between Rose Street and the gaging station.

MODIFICATIONS PRODUCEL BY MAN

Swan Lakd (fig. 4) was built prior to the establish-
ment of the gaging station in 1946. The lake, impounded
behind an earthfill dam with a timber flume outlet, has
a surface area of 137 acres. The only other ponded area
on the stream is that above Barton Avenue where a
small pond of less than 4 acres was created by the
Barton Avenue roadbed.

Residential building activity adjacent to the stream
1s confined north of Barton Avenue where several devel-
opments have been constructed in tl'e past few years.
Several off-channel recharge basins have been built near
sites 1 and 2 (fig. 19) to facilitate storm-water removal
from these newly created urban areas. The basins are
dry, except following periods of heavy rainfall when,
as shown in the lower part of figure 20, they may con-
tribute substantial flood runoff to the stream. Direct
runoff from paved streets may also contribute to flood
flows, as indicated in the upper view of figure 20. The
only other residential area contributing direct runoff
to the stream is found north of Rose Street. Homes in
this area are at least 20 years old, and locally, little
or no construction is currently in prog-ess.
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EXPLANATION

\A
Stream-temperature site

and number

SHADE INDEX
{percentoge shaded)

Poor drainage abave temperature-site 1
causes swampy conditions and a
relatively large effective stream width

\‘l 5-inch-diameter storm sewer

These sewers represent the only source of
direct runoff to the stream resulting from
man's activities. They drain Veterans
Highway and contribute relatively small
quantities of discharge even under very
heavy rainfall situations

HEAVY
80-100

MODERATE TO HEAVY
60-80
Throughout its entire length, the Connetquct River
flows within the property of the Southsicle Sports-
men Club. The area has escaped development
except for the limited stretch where it in*er-
sects Veterans Highway. Thus, it is one of the
few remaining areas on long Island of any sub-
stantial size still in its natural state. Exce'lent trout
fishing is maintained by stocking with fizh supplied
from the club hatchery, located about 3,000 feet
3 below temperature-site 5. Mixed decic'uous stands,
30 to 50 feet high, flank the stream. Pitch Pine
is dominant in areas away from the stream

MODERATE
40-60

N
Shrubs, such as speckled alder and orrow-wood,
are commonly found growing to heights of
10 to 15 feet along the banks
/Some trees removed from left bank
5

0 kS
I 1 1 1 | . /

FIcurE 16.—Shading index and environmental features of Connetquot River.
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runoff to stream
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FIGURE 17.—Measurement sites and forested and urbanized areas adjacent to Swan River.
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FIGURE 18.—Profiles, mean annual discharge at selected sites, and average seepage rates

Sampawams and

Although the effects of urban activity on stream char-
acteristics have been minimal in this basin to date, it
is clear that the recently developed residential areas
will, if they have not already done so, significantly alter
the volume of flood runoff to the stream. Swan River
is ranked fourth among the five study streams in degree
of urban development.

SHADING

The overall shade index as computed from data
portrayed in figure 19 is 3.0. Only two reaches are still
in their natural state—a short stretch below the source
and practically the entire reach between temperature
sites 2 and 3. Shading is provided mainly by red and
sugar maples and, in residential areas, by willows and
other shade trees. Too, much shading is also derived
from heavy growths of shrubs along the banks, which
often attain heights of 6-8 feet. Noteworthy breaks in
natural stream cover are readily apparent near Barton
Avenue and throughout the reach between sites 4 and 5.

(pickup) for Swan River and
Champlin Creeks.

INSTRUMENTATICN

Clearly, one of the most important. considerations in
any temperature study is the quality and dependability
of the temperature sensing instruments. Ideally, such
instruments should be compact, rugged, portable, and
above all, they should be capable of maintaining their
calibration over extended periods of time. The tele-
thermometer, a remote reading instrument, was selected
as the basic spot temperature measuring device. This
instrument is powered by flashlight batteries housed in
a small console. Using extension leads, the instrument
(accurate to within 0.5° C) can easily be adapted for
use in obtaining ground-water temperatures in stand-
ard 2-inch-diameter observation wells.

Ryan 8-day Model D water-proof thermographs were
used at all continuous recording locrtions except one.
These instruments have a bimetallic coil sensing ele-
ment with a clock-wind drive, and they record on a

pressure sensitive strip chart. They are 614 inches in
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EXPLANATION
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Off-channel recharge
(detention) basin

VS

Stream-temperature site

and number

SHADE INDEX
(percentage shaded)

HEAVY
80-100

MODERATE TO HEAVY
60-80

MODERATE
40-60

LITTLE OR NO SHADE
0-20

N

|

£ /Small swampy area above Barton Ave., 3.9 acres

Natural cover, which cansists principally of sugar
maple and red maple, is largely unaffected
by development along this reach

Some of natural cover removed from left bank
by private landowners

Swan Lake
Surface areaq, 137 acres. Recreation
only (private)
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